Introduction
============

Essential thrombocythemia (ET) is associated with an increased risk of thrombohemorrhagic complications and transformation to myelofibrosis (MF) or acute leukemia (AL).^[@b1-1030051]^ Cytoreductive therapy (CRT) is used to reduce thrombosis and hemorrhage in high-risk ET.^[@b2-1030051]^ European LeukemiaNet recommends hydroxycarbamide (HC) as first-line therapy, but advises caution in patients \<40 years.^[@b2-1030051]^ Anagrelide (Xagrid^®^) is licensed in Europe for patients with ET intolerant/refractory to HC,^[@b2-1030051],[@b3-1030051]^ and in some countries (i.e., USA, Japan) it is authorized as first-line therapy.

CRT decreases thrombosis upon the reduction and control of platelet counts.^[@b4-1030051]^ HC carries a potential leukemogenic risk; however, this remains a matter of debate.^[@b5-1030051]--[@b7-1030051]^ Few prospective studies have been conducted to compare the effect of different CRT therapies on complications in ET^[@b8-1030051],[@b9-1030051]^ or to report on the long-term safety outcomes. Herein, we report final data from the Evaluation of Anagrelide Efficacy and Long-term Safety (EXELS) study, the largest prospective study in high-risk ET patients treated with CRT, including *post hoc* multivariate analyses identifying risk factors for thrombohemorrhagic events, and transformation to MF and AL.

Methods
=======

Trial design
------------

EXELS is a phase IV, prospective, non-interventional, post-authorization, multicenter cohort study which was conducted in 125 centers in 13 European countries from May 2005 to April 2014. The results represent the final data from the 5-year observation period. High-risk ET patients (age \>60 years, prior thrombosis/hemorrhage, or platelets \>1000×10^9^/L) were eligible if receiving/scheduled to receive CRT. The Polycythemia Vera Study Group (PVSG)^[@b10-1030051]^ or the World Health Organization (WHO) 2001/2008^[@b11-1030051]^ diagnostic criteria were used. As an observational study, the protocol could not mandate mutation analysis; however, investigators were encouraged to report *JAK2* status. Written informed consent was obtained from all participants in accordance with the Declaration of Helsinki.

Treatment
---------

CRT was determined prior to registration. Patients could be newly diagnosed or continuing prior CRT, including anagrelide, HC, busulfan, interferon-α (IFN), pegylated interferon, pipobroman and sodium phosphate (P32). Patients could receive concomitant anti-aggregatory (A-A) therapy and have CRT changed at any time at the investigator's discretion.

Objectives
----------

The primary objective was safety and pregnancy outcomes with anagrelide *vs.* other CRTs in high-risk ET patients in routine clinical practice. The secondary objective was to evaluate efficacy, as measured by the incidence of thrombotic/hemorrhagic events, and platelet counts.

Data capture
------------

Data were collected at registration and every 6 months for 5 years. Suspected serious adverse reactions (SSARs) and predefined events (PDEs) of specific interest in this study were recorded. An independent event validation panel blinded to CRT validated PDEs for consistent/correct PDE group allocation. Study conduct/monitoring was overseen by a steering committee and an independent data and safety monitoring board.

Statistical methods
-------------------

Patients receiving a treatment for ≥1 day were allocated to treatment groups. The safety population included patients receiving ≥1 dose of CRT, analyzed as: 1) first-treatment analysis; PDEs or SSARs that occurred before a patient switched CRT, and 2) overall-treatment analysis; PDEs or SSARs allocated to the treatment at time of event. Patients could be included in more than one treatment group; as such the number of events is higher in the overall - *vs.* first-treatment group.

Data were analyzed according to 'anagrelide only', 'other CRT', and 'anagrelide + other CRT'. Patients with multiple events of the same PDE/SSAR category were counted once for each treatment received. Selected PDEs were combined into the following five endpoints: 1) all major thrombotic events (arterial plus venous), 2) arterial thrombotic events, 3) venous thrombotic events, 4) major hemorrhagic events, and 5) thrombohemorrhagic events (all major thrombotic/hemorrhagic events). Event rates were calculated as the number of affected patients per 100 patient-years exposure.

Multivariate analysis
---------------------

Two *post hoc* multivariate analyses were performed, first for the overall group in order to evaluate potential risk factors (except treatment) for thrombotic/hemorrhagic events, and death, and second for the first-treatment group to investigate risk factors and treatment effect for thrombotic/hemorrhagic events and MF transformation. Regression analysis followed the strategy for model selection.^[@b12-1030051]^ The final model was fit by using a significance level of 0.05. To facilitate interpretation, "significant" is used for "variable" or "variable treatment" interaction term significant at *P*≤0.001 level as no multiplicity adjustment was made.

Results
=======

Patients
--------

The EXELS study included 3721 patients from 13 European countries. At time of registration, 110 patients were not receiving CRT and were excluded from the first-treatment safety population (n=3611). Of these, 38 subsequently received CRT and were included in the overall-treatment safety population (n=3649; *Online Supplementary Figure S1*). 66% of the patients were diagnosed according to WHO diagnostic criteria, 29% were diagnosed by PVSG diagnostic criteria, and 5% were diagnosed by unknown criteria.

Baseline characteristics in the first-treatment safety population are shown in [Table 1](#t1-1030051){ref-type="table"}. Anagrelide was more frequently used in younger patients ([Figure 1](#f1-1030051){ref-type="fig"}). Median age was therefore lower in the 'anagrelide' (55.5 years, range: 18--89) and 'anagrelide + other CRT' (59.0 years, range: 22--88) *vs.* the 'other CRT' groups (70.0 years, range: 17--95). At baseline, the proportion of patients with prior thrombohemorrhagic events were similar at 25--30% across treatment groups ([Table 1](#t1-1030051){ref-type="table"}). More than 80% of patients received either HC (n=2341) or anagrelide (n=804) therapy. In the safety population, median duration of exposure was 1717.0 days (range: 1--2573) and 1481.0 days (range: 1--2677) in the 'HC' and 'anagrelide' groups, respectively. Exposure to HC and anagrelide was 10377 and 4320 patient-years, respectively. IFN was used by 136 patients, and monotherapy with busulfan, pipobroman or P32 by \<5% together; therefore, outcome analyses were not performed for these subgroups. A-A was used by 58.1% in the 'anagrelide' group and 72.8% in the 'other CRT' group. *JAK2V617F* mutation status was reported in too few patients to allow for statistical analysis.

###### 

Patient demographic and baseline characteristics: first treatment analysis population.
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![Treatment at registration *vs.* age. Patients in various age groups were treated at registration with anagrelide, hydroxycarbamide, interferon, combination therapy or other monotherapy. \*Includes busulfan, interferon, pipobroman, P32, thromboreductin (anagrelide).](10351.fig1){#f1-1030051}

Complications as predefined events
----------------------------------

The recorded PDEs included complications of the disease, adverse effects of treatment and non-related adverse events ([Table 2](#t2-1030051){ref-type="table"}). In the first treatment analysis population the most common PDEs (apart from thrombosis and hemorrhage) in the 'anagrelide' group were cardiovascular symptoms (i.e., palpitations and tachycardia), and in the 'other CRT' group non-hematological malignancies and non-PDE death. The same pattern was seen in the overall-treatment population (*Online Supplementary Table S1*).

###### 

Cumulative event rates of other predefined events for the first-treatment analysis population.
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The most common cardiovascular events, tachycardia (2.0% *vs.* 0.1%) and palpitations (1.7% *vs.* 0.2%), were reported with more frequency in the 'anagrelide' *vs.* 'other CRT' group (*Online Supplementary Table S2*). Arrhythmias consisted almost exclusively of atrial fibrillation, which showed similar event rates (0.30 *vs.* 0.33) in both groups (*Online Supplementary Table S1*). Ventricular tachycardia and ventricular fibrillation was recorded in one patient each in the 'other CRT' group. Cardiac failure was reported in a very low proportion of patients in the 'anagrelide' and 'other CRT' groups (both \<0.1%, event rates: 0.37 *vs.* 0.32; [Table 2](#t2-1030051){ref-type="table"}).

Suspected serious adverse reactions
-----------------------------------

The SSAR event rate was low across all treatments, albeit slightly higher in the 'anagrelide' *vs.* 'other CRT' group, at 0.86 *vs.* 0.60, respectively (*Online Supplementary Table S3*). This difference was predominantly caused by cardiac events, and to a lesser extent by gastrointestinal disorders. No unexpected side effects were noted for anagrelide.

Death
-----

In the overall safety population, 439 patients (12.0%) died. ET-related deaths included transformation (70; 1.9%), myocardial infarction (33; 0.9%), major hemorrhagic event (21; 0.6 %) and stroke (19; 0.5%). The causes of non-ET-related death included non-hematological malignancy (57; 1.6%) and cardiac failure (20; 0.5%). In 188 patients (5.2%), death was not assigned a PDE category and comprised of: an unknown reason (108), sepsis/infection (24), respiratory/pulmonary diseases (22), natural death/deterioration of health status (20), cardiovascular disease (11), and cancer (3).

Pregnancy
---------

Fifty-four pregnancies (40 patients) occurred. Nine patients had no therapy, 24 had IFN (one patient had HC+IFN), 10 had anagrelide, eight had A-A, and three were receiving anticoagulant without CRT at the time that pregnancy was reported. Most patients on IFN or no therapy continued without change during pregnancy. There were five terminations in five patients; three patients had six miscarriages (all but one during the first trimester) and the outcome was missing for two pregnancies. There were 41 live births reported (75.9% of the pregnancies), all with normal birth weight (range: 2.4--4.7 kg).

Thrombotic and hemorrhagic events
---------------------------------

In the first-treatment analysis group, the event rate for major thrombosis was lower in the 'anagrelide' *vs.* the 'other CRT' group (1.62 *vs.* 2.06; [Table 3](#t3-1030051){ref-type="table"}). Arterial thrombotic event rates were similar between the 'anagrelide' and 'other CRT' group (1.47 *vs.* 1.55), whereas the venous thrombotic rate was lower in the 'anagrelide' compared with the 'other CRT' group (0.15 *vs.* 0.53). The major hemorrhagic event rate was higher in the 'anagrelide' group (0.89 *vs.* 0.43), especially in patients treated with A-A (1.35 *vs.* 0.33, respectively). The composite thrombohemorrhagic event rate was slightly higher in the 'anagrelide' (2.47) compared to 'other CRT' (2.41) group, largely due to hemorrhagic events. Similar results for thrombosis and hemorrhage event rates were observed in the overall treatment analysis group (*Online Supplementary Table S4*).

###### 

Cumulative event rates of thrombohemorrhagic events by first-treatment analysis population.
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Transformation and malignancies
-------------------------------

In the first-treatment analysis, 64 patients transformed to MF, 31 to AL, and 12 to myelodysplastic syndrome (MDS; [Table 4](#t4-1030051){ref-type="table"}). The rate of transformation to MF was higher in the 'anagrelide' compared with the 'other CRT' group (1.04 *vs.* 0.30). Transformation to AL was higher in the 'other CRT' compared with the 'anagrelide' group (0.28 *vs.* 0.07), and transformation to MDS only occurred in the 'other CRT' group (event rate: 0.12). Similar proportions were seen in the overall treatment analysis ([Table 4](#t4-1030051){ref-type="table"}). For patients who had only ever received one type of CRT, the rate of transformation to MF was still higher in the 'anagrelide' compared with the 'HC' group (0.61 *vs.* 0.14); the median time to transformation was similar, around 7 years (range: 0.95--20.62). The rate of transformation to AL in the 'anagrelide' group was 0 *vs.* 0.22 in patients treated with HC alone, while the median time to transformation was 6.48 years from diagnosis (range: 1.21--22.09) for the 'HC' group. High platelet levels at baseline were identified in the multivariate analysis as a risk factor for MF transformation (hazard ratio \[HR\] 1.18, *P*=0.0004); the risk of MF increased for each increased platelet count of 100×10^9^/L.

###### 

Cumulative transformation event rates by first- and overall-treatment analysis populations.
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The rate of non-hematological malignancies was lower in the 'anagrelide' *vs.* 'other CRT' group, both in the first-treatment (0.44 *vs.* 1.29; [Table 2](#t2-1030051){ref-type="table"}) and overall-treatment analysis groups (0.49 *vs.* 1.35; *Online Supplementary Table S1*).

Blood counts
------------

Platelet levels were well controlled throughout the study across treatment groups ([Figure 2](#f2-1030051){ref-type="fig"}). The median counts for 'anagrelide' and 'other CRT' were 431×10^9^/L and 413×10^9^/L at 6 months, respectively, and 390×10^9^/L and 404×10^9^/L at 5 years, respectively. In patients who experienced a major thrombotic event, median platelet counts ranged from 402 to 430×10^9^/L at the time of event, and the percentages of patients with a platelet count ≤450×10^9^/L or \>600×10^9^/L were similar in patients with and without thrombosis (*data not shown*). As expected, median white blood cell (WBC) counts were lower at registration in the 'other CRT' group (6.1×10^9^/L) compared with the 'anagrelide' (8.7×10^9^/L) and 'anagrelide + other CRT' (7.6×10^9^/L) groups ([Table 1](#t1-1030051){ref-type="table"}) throughout the study, and remained relatively stable over time ([Figure 2](#f2-1030051){ref-type="fig"}). The WBC count \>15×10^9^/L at any time prior to thrombosis was seen in 4.3% (n=14/327) compared with 4.9% (n=162/3322) in patients without thrombosis. The amount of reported WBC data was too low to allow for a Cox regression analysis of any correlation between WBC counts and thrombosis. Notably, 11.4% (n=50/439) of patients who died during the study had a WBC count \>15×10^9^/L at any time prior to death *vs.* 4.2% (n=135/3210) of patients who remained alive. Median hemoglobin levels remained stable throughout the study across all treatment groups ([Figure 2](#f2-1030051){ref-type="fig"}), with ranges of 12.3--13.0 g/dL at registration and 12.0--13.0 g/dL at 5 years.

![Median blood cell counts over time by first-treatment analysis population. An *ad hoc* analysis was performed to exclude extreme laboratory data attributed to data entry errors based on the following thresholds: platelet counts of \<10×10^9^/L or \>10,000×10^9^/L, white blood cell counts of \<0.5×10^9^/L or \>150×10^9^/L, hemoglobin of \<5 g/dL or \>22 g/dL, and hematocrit at \<10% or \>70%. Removal of outliers resulted in similar median results. ANA: anagrelide.](10351.fig2){#f2-1030051}

Multivariate analysis, risk factors for thrombohemorrhagic and transformation events
------------------------------------------------------------------------------------

'Prior thrombohemorrhagic events' and 'age ≥65 years' at baseline were identified as risk factors for major thrombotic, arterial thrombotic, venous thrombotic and total thrombohemorrhagic events (*Online Supplementary Table S5*). The presence of baseline cardiovascular risk factors was associated with a higher risk of arterial thrombotic events. A higher platelet count at baseline correlated with an increased risk for transformation to MF (HR 1.18, confidence interval \[CI\] 1.08 to 1.30, *P*=0.0004) for each platelet count increase of 100×10^9^/L at baseline. A lower risk for MF transformation was indicated for patients diagnosed with ET by WHO criteria than those diagnosed by PVSG criteria (HR 0.55, *P*=0.03; [Table 5](#t5-1030051){ref-type="table"}). As expected, a time from diagnosis \>10 years indicated a higher risk for MF transformation (HR 4.38, CI 1.49 to 12.88 compared with \<1 year, *P*=0.0073; [Table 6](#t6-1030051){ref-type="table"}).

###### 

Results of multivariate regression analysis, first-treatment analysis group, of baseline risk factors for thrombohemorrhagic events and myelofibrosis transformation. Factors with relevant HR difference from 1.
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###### 

Multivariate analysis, overall-treatment population, and significant baseline risk factors for predicting a thrombohemorrhagic or transformation event. Factors with relevant HR difference from 1.
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In a separate multivariate analysis conducted in the first treatment analysis group ('anagrelide' *vs.* 'other CRT'), the influence of treatment on risk for thrombosis and hemorrhage, as well as transformation to MF, was analyzed ([Table 5](#t5-1030051){ref-type="table"}). Anagrelide was associated with a higher risk for major thrombosis (HR 1.68, CI 1.09 to 2.60, *P*=0.02) and arterial thrombosis (HR 1.91, CI 1.20 to 3.04, *P*=0.0067). There was no difference between WHO-defined and PVSG-defined ET in this respect (HR 1.49 *vs.* 1.45). There was also no difference in risk for arterial thrombosis in general between WHO-defined and PVSG-defined ET. In a Cox regression analysis with arterial events as the outcome and ET diagnosis as the single explanatory variable, HR was 1.06 (CI 0.77 to 1.46, *P*=0.73).

The risk for MF transformation was greater in the 'anagrelide' *vs.* 'other CRT' group (HR 3.33, CI 1.94 to 5.73, *P*\<0.0001), but this difference was smaller in WHO-defined than in PVSG-defined ET (HR 2.79, CI 1.24 to 6.27, *P*=0.0132 *vs.* HR 4.67, CI 2.10 to 10.37, *P*=0.0002). The risk for MF transformation was also generally lower in WHO-defined than in PVSG-defined ET ([Table 5](#t5-1030051){ref-type="table"}).

The HR for venous thrombosis, on the other hand, was lower (HR 0.43, CI 0.15 to 1.21, *P*=0.11), although it did not reach statistical significance. In anagrelide patients, the concomitant use of A-A therapy showed an increased risk of bleeding (HR 3.55, CI 1.96 to 6.44, *P*\<0.0001), which increased the total thrombohemorrhagic risk (HR 2.46, CI 1.65 to 3.66, *P*\<0.0001). An increased risk for total thrombohemorrhagic events was also seen for anagrelide patients who were smokers (HR 2.34, CI 1.21 to 4.54, *P*=0.0118). A similar effect was seen for arterial thrombotic events, where the risk was also greater for patients receiving anagrelide who were smokers (HR 3.18, CI 1.41 to 7.16, *P*=0.005). Furthermore, in patients with no prior thrombohemorrhagic events, the risk for thrombohemorrhagic events was higher with anagrelide treatment than with other CRT (HR 2.20, CI 1.38 to 3.53, *P*=0.001). It was confirmed that age \>65 and previous thrombosis increased the risk of thrombohemorrhagic events. An initial platelet count of \>1000×10^9^/L and hypertension were associated with a risk for hemorrhage.

Discussion
==========

EXELS represents the largest prospective cohort of patients with ET reported to date, and as such it provides several important real-world insights into the therapeutic management of this disease. Patients receiving anagrelide were younger than those receiving another CRT, likely due to investigators choosing to use anagrelide as first-line therapy in younger patients in order to avoid a transformation related to the potential leukemogenic risk associated with long-term HC treatment. Differences in age may confound analysis of the event rates in the various treatment groups.

Thrombohemorrhagic events
-------------------------

Importantly, overall thrombohemorrhagic event rates were low with a rate of \<2.5 independent of therapy, in line with other large studies, and fairly comparable between the 'anagrelide' and 'other CRT' group, consistent with the Anagrelide *vs.* Hydroxyurea - Efficacy and Tolerability Study in Patients With Essential Thrombocythaemia (ANAHYDRET) study^[@b8-1030051]^ and the Primary Thrombocythaemia 1 (PT-1) trial.^[@b9-1030051]^ The total thrombotic event rate was lower in the 'anagrelide' group, which may reflect the age difference between the groups. The venous thrombotic event rate was lower in the 'anagrelide' group, which supports findings from both the PT-1 trial and the ANAHYDRET study.^[@b8-1030051],[@b9-1030051]^ Currently there is no validated explanation for such disparity, but the confirmation in two large studies suggests that the difference warrants further investigation. The hemorrhagic event rate was higher in the 'anagrelide' *vs.* 'other CRT' group, especially when anagrelide was combined with A-A therapy, which also corresponds with findings from the PT-1 trial^[@b9-1030051]^ and underlines the importance of cautious use of this combination, especially in patients with previous hemorrhages.^[@b3-1030051]^

A protective effect of A-A therapy for thrombosis was seen in the 'other CRT' and 'anagrelide + other' CRT groups, but not in the 'anagrelide' group. A possible explanation for this is that the 'other CRT' patients had more benefit from A-A therapy due to their older age. These results are consistent with current guidelines recommending A-A therapy in high-risk ET patients. A recent systematic review of A-A therapy in ET^[@b13-1030051]^ reported significant uncertainty regarding evidence for a protective effect against thrombosis. The study herein gives some evidence for such an effect, at least in HC-treated patients. The multivariate analysis did not detect any difference in the efficacy of anagrelide between WHO- *vs.* PVSG-diagnosed ET.

Transformation
--------------

Transformation to AL was more frequent in the 'other CRT' *vs.* the 'anagrelide' group. All six patients in the 'anagrelide' group who developed AL had previously been treated with HC. In patients who had only ever received anagrelide, there were no cases of AL. Non-hematological malignancies were also less frequent in the 'anagrelide' than in either the 'other CRT' or the 'HC' groups. This warrants further analysis and will be addressed in a separate publication. The multivariate analysis identified both a history of thrombohemorrhagic events and an age of ≥65 years at baseline as risk factors for predicting transformation to AL/MDS events.

Transformation to MF was higher in the 'anagrelide' *vs.* 'HC' group, in line with data from the PT-1 trial.^[@b14-1030051]^ In both studies, patients included those with both 'true ET' according to the WHO classification, as well as ET diagnosed by PVSG criteria, some of whom may have had early MF according to the new WHO criteria^[@b11-1030051]^ with significant bone marrow fibrosis at entry. This does not explain the difference in the MF transformation event rate, but illustrates that anagrelide does not seem to hinder fibrosis development. Considering the much lower rate of MF development in correctly diagnosed ET,^[@b2-1030051],[@b15-1030051]^ also supported by our results, the optimal patient group for anagrelide treatment could be those with true ET rather than early MF. This is further supported by our finding that the risk for transformation to MF in anagrelide-treated patients was more pronounced in PVSG-defined than in WHO-defined ET. Regular surveillance for features of MF should be considered with anagrelide, especially in patients with primary MF 0--1. A higher platelet count at baseline was identified as a risk factor for MF transformation in the multivariate analysis, a new and interesting finding that requires further confirmation.

Platelet control, white blood cell count and thrombosis
-------------------------------------------------------

Generally, platelet counts were well controlled throughout the study. No obvious advantage for protection against thrombosis by reducing platelet counts to values below 450×10^9^/L was seen. Of note, in EXELS, platelet levels were already well controlled at registration. These results suggest that platelet counts do not provide a prognostic value for thrombosis in patients with reasonable platelet control. In contrast, other studies indicate an effect on thrombosis rate by platelet control,^[@b16-1030051]--[@b18-1030051]^ and two recent studies show a higher platelet count at time of event for patients with thrombosis.^[@b19-1030051],[@b20-1030051]^ Taken together, it remains uncertain whether reducing platelets to normal levels gives better protection against thrombosis compared with a more tolerant treatment goal. This does not alter the treatment goal in general, but is of importance in situations with moderate treatment efficacy or side effects. Notably, WBC \>15×10^9^/L did not correlate with thrombotic events, and anagrelide was not associated with a time-dependent hemoglobin-lowering effect.

Safety
------

The most common cardiovascular adverse events associated with anagrelide in our study were palpitation and tachycardia, in line with previous reports^[@b9-1030051],[@b17-1030051],[@b21-1030051]^ and caused by the PDEIII inhibition and positive chronotropic effect of anagrelide. However, the rate of atrial fibrillation was similar for both groups (0.30 *vs.* 0.33), and other, more severe arrhythmias were rare in both groups. Likewise, heart failure had similar event rates in both groups, which contrast with previous reports that anagrelide may worsen cardiac failure due to the positive chronotropic effect.^[@b22-1030051]^ The difference in median age between the treatment groups may have contributed to this.

Overall, the SSAR event rate was low, with a slightly higher rate in the 'anagrelide' compared with the 'other CRT' group, predominantly caused by the difference in cardiac event rates for events like tachycardia and palpitations. Cardiac symptoms reported in this study are consistent with the known safety profile for anagrelide.^[@b3-1030051]^

Pregnancy
---------

Most subjects became pregnant while receiving IFN or no CRT. Of the 54 pregnancies, 75.9% resulted in live births, a better result than has been seen in many other reports, which may reflect a development in patient management during pregnancy and the selection of patients who chose to become pregnant. Almost all miscarriages occurred during the first trimester, which supports the review of Valera *et al*.^[@b23-1030051]^ There were too few miscarriages to make any comparison between treatment groups. The high percentage of successful pregnancies in this large study may support clinicians' decisions to give their patients positive information with regard to the chance for planned childbirth.

Multivariate risk factor analysis
---------------------------------

Multivariate analyses were performed both in the overall- and first-treatment populations. These were *post hoc* analyses and results must therefore be interpreted with caution; however, given the age imbalance between the patient populations, the data are important to assess alongside the event rates. Risk factors identified for thrombohemorrhagic events and for major thrombosis included age, history of thrombosis or hemorrhage, and cardiovascular risk factors, previously reported in retrospective studies.^[@b24-1030051]--[@b28-1030051]^ In line with the International Prognostic Score of thrombosis in World Health Organization-essential thrombocythemia (IPSET-thrombosis) risk score model,^[@b24-1030051]^ the WBC count was not indicative of higher thrombosis risk. Platelets \>1000×10^9^/L indicated a higher risk for MF transformation, consistent with both previous retrospective studies and the role of clonal megakaryocytes in the development of fibrosis. WBC counts \>15×10^9^/L during the study were more common in patients who died.

With regard to thrombosis, bleeding and MF transformation, some treatment-related findings arose from the multivariate analysis. Both major thrombosis and arterial thrombosis were higher in the 'anagrelide' group (HR 1.68, CI 1.09 to 2.60, *P*=0.02 and HR 1.91, CI 1.20 to 3.04, *P*=0.0067, respectively), in line with results of the PT-1 trial, but not the ANAHYDRET study.^[@b8-1030051],[@b9-1030051]^ The main statistical analysis of event rates performed in the overall group showed a lower event rate for major thrombosis and similar event rates for arterial thrombosis in the 'anagrelide' *vs.* the 'other CRT' groups. However, one has to take into consideration that on the one hand the age difference between the groups could influence the event rate analysis, and on the other hand the uncertainty of a *post hoc* multivariate analysis. The HR for venous thrombosis was lower with anagrelide treatment (HR 0.43, CI 0.15 to 1.21, *P*=0.12, not significant), consistent with the PT-1 trial and the ANAHYDRET study. A new finding was that the combination of anagrelide and smoking may increase the risk for arterial thrombosis *vs.* smoking plus other CRT (HR 3.18, CI 1.41 to 7.16, *P*=0.005, not significant). Another unexpected finding was the increased combined thrombohemorrhagic risk in anagrelide-treated patients (*vs.* other CRT) with no prior vascular event (HR 2.20, CI 1.38 to 3.53, *P*=0.001). The increased risk of hemorrhage with concomitant use of anagrelide and A-A therapy has been previously shown.^[@b9-1030051]^ The higher risk for MF in the anagrelide group, especially in women, is consistent with the event rate analysis and with the PT-1 trial.^[@b9-1030051]^ The higher risk for MF transformation in patients diagnosed according to the PSVG criteria rather than the WHO criteria is in line with previous reports.

Limitations
-----------

EXELS is not a randomized study, thus treatment arms were not balanced for risk factors or baseline characteristics. The age difference between treatment groups was due to clinicians' treatment preferences. Assessments were only conducted as part of local routine clinical practice, therefore data were missing for variables such as laboratory values and mutation status. Events are few in ET, and even though EXELS is the largest prospective ET study performed, caution must be advocated in the interpretation of statistics, especially for PDEs with low numbers.

Conclusions
===========

The EXELS study provides important observations that may influence clinical practice for patients with high-risk ET. It is the largest ever prospective real-world study in this condition. Overall, total thrombohemorrhagic event rates were low (\<2.5/100 patient-years), but a lower rate of venous thrombotic and a higher rate of hemorrhagic events were observed in the 'anagrelide' group. A *post hoc* multivariate analysis confirmed these differences, but also suggested a higher arterial thrombosis risk in anagrelide-treated patients, especially smokers. Transformation to MF was more frequent in PVSG-defined than in WHO-defined ET and was more frequent in the 'anagrelide' than in the 'other CRT' group. Transformation to AL and other malignancies was more common with other CRTs. A history of thrombohemorrhagic events, age ≥65 years, cardiovascular risk factors, or hypertension were identified as baseline risk factors for thrombohemorrhagic events. These factors, time since diagnosis and an increase in platelet counts above normal were identified as risk factors for transformation to MF.
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